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doi:10.1016/j.ejvs.2011.05.014Abstract Objective: DynaCT is a method for obtaining computed tomography (CT)-like
images using a C-arm system. Our aim was to compare the accuracy of these images to multi-
detector CT (MDCT) images prior to endovascular aortic repair (EVAR).
Methods: A non-consecutive group of 20 elective patients were prospectively exposed to MDCT
and one additional DynaCT before EVAR. Six arterial measurements and nine anatomical areas
were chosen to: (1) visualise the peri-aortic soft tissue and assess the possibility to diagnose
a potential haemorrhage from a ruptured aneurysm and (2) make the pre-treatment measure-
ments before insertion of stent graft. Differences between modalities and readers were statis-
tically compared using a linear mixed model.
Results: For maximum aortic diameter, a significant difference of 1.3 mm was found between
techniques (p Z 0.043). Visibility scores were significantly better for all areas in MDCT data.
Pre-treatment evaluation with DynaCT before EVAR was possible for all areas; evaluation of
the iliac arteries were suboptimal due to a limited imaging volume size. Significant inter-
reader differences were found for all anatomical areas.
Conclusion: The result indicates that DynaCT gives sufficient information to determine the
correct treatment and for selecting the proper stent graft before EVAR. A limited volume size
reduces the evaluation of the iliac arteries.
ª 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.A current trend in therapy of abdominal aortic aneurysm
(AAA) is that endovascular aortic repair (EVAR) is preferred
in suitable patients.1e6 In case of emergency EVAR (eEVAR),
this method is associated with reduced loss of blood,, Department of Surgery, St. Olav
.no (H.O. Myhre).
ty for Vascular Surgery. Publisheshorter stay in the intensive care unit and lower mortality
compared with open operation.7,8
Unfavourable anatomy is the most important obstacle
for EVAR; the safety of the therapy largely depends ons Hospital HF, 7006 Trondheim, Norway. Tel.: þ47 95149688.
d by Elsevier Ltd. All rights reserved.
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soft tissue; sufficient radiological imaging is therefore
mandatory. Before insertion of a stent graft, the aneurysm
diameter, lengths and lumen diameters in the fixation
zones must be assessed to select the appropriate type of
stent graft. Prior to eEVAR for ruptured aneurysm, it is
especially important to perform the diagnostic imaging
with as little delay as possible. Contrast-enhanced
computed tomography angiography (CTA) represents the
current gold standard to establish diagnosis, exclude other
abdominal pathology and to assess the suitability of
eEVAR.9e11 However, CTA prior to EVAR represents a delay
before confirmation of the diagnosis.12 For some haemo-
dynamically unstable patients, open repair remains the
only option due to shortage of time for the necessary
pretherapeutic CTA,13 even if it in most cases is enough
time to do it.14
Cone-beam CT, angiographic CT, C-arm CT or the
manufacturer specific DynaCT (Siemens, Medical Solutions
Erlangen, Germany) are all synonyms for an imaging tech-
nique with an X-ray tube in combination with a flat-panel
detector mounted on a C-arm. During one 220 rotation
around the patient, a large number of two-dimensional
projections are registered. Cross-sectional images, similar
to those obtained by MDCT, are reconstructed using
a modified Feldkamp algorithm.15 Commercially available
three-dimensional (3D) software can then transform image
data into multiplanar reformats or 3D images in the same
manner as MDCT images. The greatest advantage of DynaCT
is the ability to get CT-like images with soft tissue (low-
contrast) visualisation in an interventional setting.16 It has,
for example, been shown to improve the possibility of
detecting endoleaks on table because soft-tissue imaging in
many planes gives better visualisation of leakages than
uniplanar angiograms.17
In our centre, DynaCT is integrated in a hybrid inter-
ventional laboratory and operating room. This study was
motivated by the potential for a further use of DynaCT as an
imaging tool in a pre-therapy setting and potentially in
emergency situations. Hopefully, this can make a more
efficient and timesaving process where cross-sectional
imaging can be provided on the therapy table withoutTable 1 Patient characteristics and co-morbidity in the 20 pati
Characteristic
Male gender (n):
Age:
BMI:
Systolic BP:
Diastolic BP:
Coronary heart disease (n):
Chronic obstructive pulmonary disease (n):
Renal insufficiency (Serum creatinine> 140 mmol/L) (n):
Previous vascular surgery (n):
Diabetes (n):
Medicated for hypertension (n):
Regarded eligible for open operation (n):
BMI Z Body Mass Index defined as body weight divided by the squareextra time being spent in a CT room. Preparation of the
patient and imaging can be done simultaneously and the
final choice of therapy can be done immediately after
the radiological and clinical assessments. The aim of the
present study was to decide whether DynaCT is reliable as
a diagnostic tool to: (1) visualise peri-aortic soft tissue and
thereby assess the possibility to diagnose a potential hae-
morrhage in a ruptured aneurysm and (2) to make the pre-
treatment measurements before insertion of a stent graft.
To do so, we made a scientific comparison between the on-
table obtained DynaCT images and the ‘gold standard’
MDCT angiography.Material and Methods
The study was carried out prospectively, approved by the
Regional Committee for Medical and Health Research Ethics
(REK) and registered in ClinicalTrials.gov registry no:
NCT01146639. A non-consecutive group of patients was
included. All were selected in advance for EVAR, based on
clinical evaluation including blood tests and a CTA obtained
<3 months prior to the treatment. They were informed
orally and in written form about all aspects of the study
before they signed the consent. Process of inclusion:
Between September 2008 and January 2010, 20 patients
were enrolled in the study. Male and female patients over
60 years old with infrarenal AAA, referred to first-time
elective insertion of stent graft, were regarded relevant
as study patients. We chose only to include patients over 60
years to minimise the additional risk caused by radiation
dose. During this period, 49 patients fulfilled the criteria for
inclusion but 29 did not participate due to previous enrol-
ment in other studies which demanded extra injection of
contrast medium (12), refusal to participate (four), not
able to receive information (two), kidney failure (two),
exclusion caused by technical problems during imaging
(four), organisational error (two) or researchers’ absence
(three).
EVAR was carried out in an interventional room, also
equipped for open operations. All patients received
a combination of epidural and spinal anaesthesia.ents included in the study.
18
Mean: 74, SD: 6, minemax: 60e85
Mean: 27, SD: 3, minemax: 20e31
Mean: 148, SD: 20, minemax: 113e190
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334 K.R. Eide et al.Bifurcated, modular stent grafts were placed from below
the renal arteries to the iliac arteries and aortic access
made through both common femoral arteries after surgical
exposure.Imaging
MDCT protocol
Pre-treatment imaging was performed with 16- or 64-
channel MDCT (Sensation 16 or 64, Siemens, Medical Solu-
tions Erlangen, Germany). The collimation was 0.6 or
0.75 mm with reconstructed slices of 1.5 mm, and the
contrast injection was 80 ml of omnipaque 350 mg iodine
per ml followed by 30 ml of NaCl, injected at the rate of
4 ml s1 in an antecubital vein. In one case, a different
imaging protocol of 5-mm slice thickness was used. The
quality of the examinations was considered satisfactory for
the planning of stent-grafting and was therefore not
repeated.
DynaCT imaging protocol
The DynaCT slice images were generated by rotating the
C-arm system around the patient, directly after surgical
exposure of the femoral arteries and insertion of a diag-
nostic catheter (4F UniFlush, Cordis, the Netherlands) to
the aorta above the renal arteries. An updated software
(version: InSpace 3D VB 31C at a Syngo workplace SW
VA72B) was used and C-arm rotation of 8 s with increment
0.5 per frame, 52.4 frames per s at a total of 419 projec-
tions. A total of 50 ml of the contrat medium Visipaque
(Iodixanol, GE Healthcare) 270 mg IodineI ml1, diluted
with 50 ml of 0.9% NaCl, was injected at 8 ml s1 during
DynaCT, prescan delay was set to 3 s and mean total
contrast medium used for the stent-grafting procedure was
254 ml. Image post-processing was performed with stan-
dard correction algorithms for ring artefacts, scatter
correction and truncation correction to optimise image
quality.
After the data from all the 20 patients were completed,
the imageswere stored under fictive de-identified names and
processed into four different image series from DynaCT and
MDCT respectively: (1) axial source images, (2) 5-mm recon-
structed axial slice images (multi-planar reconstructions,Figure 1 Comparing pretherapeutic imaging before EVAR. Thin sl
A) DynaCT and B) multidetector CT.MPRs), (3) coronal 5-mm maximum intensity projections
(MIPs) with 50% overlap (MIP illustrated in Fig. 1) and (4)
coronal MPRs. The reconstructions were made in Voxar
(Barco, Belgium), a 3D plug-in software to our picture and
communication system (PACS).
Quantitative analysis of visualisation and arterial
measurements
Images from MDCT and DynaCT were scientifically
compared, two senior radiologists with extensive experi-
ence in this field were used as readers. Window width and
level could be freely adjusted by the readers. First, six
arterial length and diameter measurements were made
and, second, the visibility of nine anatomical landmarks
was evaluated. The landmarks and measurements (listed
and described in Tables 2e5) were chosen to: (1) visualise
the peri-aortic soft tissue and thereby assess the possibility
to diagnose a potential haemorrhage from a ruptured
aneurysm and (2) to make the pre-treatment measure-
ments before insertion of a stent graft. The measurements
were reported in millimetres and the visibility graded
quantitatively in a 5-point scale: 0, the structure is not
visualised within the image volume; 1, poor visibility,
relevant diagnosis impossible; 2, lowest acceptable level of
visibility, defined as relevant assessment possible; 3, clear
visibility, defined as assessment possible without restric-
tions; and 4, very good visibility. This method of evaluation
is derived from the European Guidelines for Quality Criteria
for Computed Tomography.18
Statistical comparison
The means of each measurement in millimetre and mean
visibility of each anatomical area were statistically
compared using mixed linear model, with patients and
readers as random factors and imaging technique as fixed
factor, using the statistical package Predictive Analytics
SoftWare (PASW), version 18 (SPSS Inc., Chicago, IL, USA).
Dependent factors are the means of six arterial
measurements and mean visibility score for each of the
nine anatomical areas. Cases given the score 0 (the struc-
ture is not visualised within the image volume) were
excluded from the statistical comparison. Because of this,ice MIP from one patient at the same anatomical position using:
Table 2 Comparing DynaCT with MDCT. Mean measured lengths and diameters in mm (95% CI).
DynaCT MDCT Difference
between means
p-value
difference
1. Max diameter of the aneurysm 64 (63, 65)
nZ 40
63 (62, 64)
nZ 40
1.3 (0.0, 2.6) 0.043
2. Length of aneurysm upper neck 35 (33, 36)
nZ 39
33 (31, 34)
nZ 40
1.5 (0.8, 3.8) 0.188
3. Diameter of aneurysm upper neck 22 (22, 23)
nZ 39
22 (22, 23)
nZ 40
0.4 (0.9, 0.1) 0.113
4. Length from distal renal artery to bifurcation 131 (129, 133)
nZ 39
131 (129, 134)
nZ 40
0.4 (3.5, 2.7) 0.791
5. Length from distal renal artery to right internal
iliac orifice
186 (184, 188)
nZ 29
185 (183, 187)
nZ 40
0.9 (2.1, 3.9) 0.540
6. Length from distal renal artery to left internal
iliac orifice
188 (184, 192)
nZ 17
187 (185, 189)
nZ 39
1.1 (3.3, 5.6) 0.605
nZ the total number of observations for each measurement. nZ 40 means 20 patients observed by 2 investigators. n < 40 means some
observations could not be evaluated because the most distal structures were outside the imaged volume.
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<0.05 were considered significant, and 95% confidence
interval (CI) are given where appropriate.
Results
Patients
The clinical characteristics of the included patients are
described in Table 1.
All MDCTs were performed at 120 kV. The radiation dose,
measured as total doseelength product (DLP) for the MDCT
was mean 599 mGycm (min: 203, max: 1738, SD: 376). For
DynaCT, the voltage is automatically calculated based on
fluoroscopic values, 90e95 kV. Mean dose-area product
(DAP), automatically registered from the DynaCT software,
was 7549 mGym2 (min: 2120, max: 9135, SD: 1625). Con-
verted to comparable estimated effective dose based on
conversion factors:19 MDCT: 9 mSv, DynaCT: 21 mSv.Table 3 Comparing investigator (inv) 1 versus inv 2. Mean mea
Measured distances Inv 1
1. Max diameter of the aneurysm 63 (62, 64
nZ 40
2. Length of aneurysm upper neck 35 (34, 37
nZ 39
3. Diameter of aneurysm upper neck 22 (22, 23
nZ 39
4. Length from distal renal artery to bifurcation 132 (130,
nZ 39
5. Length from distal renal artery to right internal
iliac orifice
188 (186,
nZ 34
6. Length from distal renal artery to left internal
iliac orifice
192 (189,
nZ 27
nZ the total number of observations for each investigator, nZ 40 m
n < 40 means some observations could not be evaluated because theArterial Measurements
DynaCT versus MDCT (Table 2)
We used the central lumen line for measurement of
lengths, except for the length of the upper neck, where
double oblique MPR was used. For five of the arterial
diameters and length measurements, there were no
significant differences between DynaCT and MDCT. For
maximum diameter of the aneurysm, however, we found
a small but statistically significant deviation of 1.3 mm. The
differences did not go in one special direction, nor did the
variability increase systematically for the longer lengths.
Inter-reader variations (Table 3)
We found a significant difference of 2.7 mm in measurement
of the aneurysm neck. For the longest lengths between the
distal renal artery and the orifice of the internal iliac arteries,sured lengths and diameters in mm (95% CI).
Inv 2 Difference
between means
p-value
difference
) 64 (63, 65)
nZ 40
0.9 (2.2, 0.4) 0.176
) 32 (31, 34)
nZ 40
2.7 (0.4, 5.0) 0.021
) 22 (22, 23)
nZ 40
0.2 (0.3, 0.6) 0.500
134) 131 (129, 133)
nZ 40
1.1 (2.0, 4.2) 0.467
191) 183 (181, 185)
nZ 35
5.7 (2.9, 8.6) <0.001
195) 184 (181, 187)
nZ 29
7.8 (4.1, 11.4) <0.001
eans 20 observations for DynaCT and 20 observations for MDCT.
most distal structures were outside the imaged volume.
Table 4 Comparing visibility of anatomical areas. Mean score DynaCT versus mean score MDCT on a scale from 1e4: 1) poor
visibility, relevant diagnosis impossible, 2) lowest acceptable level of visibility, defined as relevant assessment is possible 3)
clear visibility, defined as assessment possible without restrictions and 4) very good visibility. Mean score-points (95% CI).
Anatomical areas DynaCT MDCT Difference between means p-value difference
A. Renal artery on the right
side: Separation of orifice
and the proximal segment
from the aorta and
surrounding tissue.
3.3 (3.1, 3.5)
n Z 36
3.8 (3.7, 4.0)
n Z 40
0.5 (0.8, 0.3) <0.001
B. Renal artery on the left side:
Separation of orifice and the
proximal segment from the
aorta and surrounding tissue.
3.3 (3.2, 3.5)
n Z 36a
3.8 (3.7, 4.0)
n Z 38a
0.5 (0.7, 0.3) <0.001
C. The renal outline can be
separated from surrounding
tissue.
3.5 (3.4, 3.6)
n Z 40
4.0 (3.9, 4.1)
n Z 40
0.5 (0.7, 0.4) <0.001
D. Lumen of the abdominal
aorta just below renal artery
can be separated from
surrounding tissue.
3.6 (3.5, 3.7)
n Z 36
3.9 (3.8, 4.0)
n Z 40
0.3 (0.5,
0.1)
0.002
E. The common iliac arteries on
both sides can be separated
from surrounding tissue.
3.6 (3.5, 3.7)
n Z 40
3.9 (3.8, 4.4)
n Z 40
0.3 (0.4,
0.1)
<0.001
F. The right internal iliac orifice
can be separated from the
common iliac and
surrounding tissue.
3.1 (2.9, 3.4)
n Z 30
3.8 (3.4, 4.1)
n Z 40
0.7 (1.0,
0.4)
<0.001
G. The left internal iliac orifice
can be separated from the
common iliac and
surrounding tissue.
2.9 (2.5, 3.3)
n Z 18
3.8 (3.6, 4.0)
n Z 37
0.9 (1.4, 0.5) <0.001
H. Vena cava inferior below the
renal veins: Separation from
surrounding tissue and aorta.
2.6 (2.4, 2.8)
n Z 40
4.0 (3.8, 4.1)
n Z 40
1.4 (1.7, 1.2) <0.001
I. Differentiation of the psoas
muscle from the
neighbouring structures.
3.6 (3.5, 3.7)
n Z 40
4.0 (3.9, 4.1)
n Z 40
0.4 (5.6, 2.8) <0.001
nZ The total number of observations for each measurement. nZ 40 means 20 patients observed by 2 investigators. n < 40 means some
areas could not be evaluated by the reader due to limited volume size.
a Area B: “missing data” for 2 readings due to only one kidney, maximum n Z 38 for this area.
336 K.R. Eide et al.we found significant differences between means of 5.7 (3%)
and 7.8 mm (4%) for right and left side, respectively.
Visibility Scores
DynaCT versus MDCT (Table 4)
In the comparison of nine anatomical areas, there were
highly significant differences in visualisation in favour of
MDCT (Table 4). The scores for MDCTwere close to 4 (perfect
imaging) for all areas. For DynaCT, average scores reached 3
or more for seven areas. The lowest score was for area H
(inferior vena cava, 2.6) and G (left internal iliac, 2.9). For
the left internal iliac artery, evaluationwas not possible in 20
(53%) of the DynaCT readings (both radiologists), due to the
limited imaging volume; the difference in field size between
the two sets of images is illustrated in Fig. 2.The ability to visualise peri-aortic soft tissue was eval-
uated by the visibility of the areas C, D, E, H and I. For
DynaCT, the visibility of these areas was ‘clear’ regarding
the anatomical areas C, D, E and I and ‘acceptable’
regarding the area H.
Inter-reader variations (Table 5)
The differences between readers were between 0.3 and 0.5
and statistically significant for all areas, except area G
(p Z 0.051). One reader tended to give a systematically
higher score than the other.
Discussion
For the six arterial diameter and length measurements
described in Tables 2 and 3, we found small differences
Figure 2 Illustration of different field size. Volume rendering technique (VRT) of one patient at the same anatomical position
using: A) DynaCT and B) multidetector CT.
Table 5 Comparing mean score for visibility of anatomical areas. Mean score investigator (Inv) 1 versus mean score inv 2 on
a scale from 1e4; 1) poor visibility, relevant diagnosis impossible, 2) lowest acceptable level of visibility, defined as relevant
assessment is possible 3) clear visibility, defined as assessment possible without restrictions and 4) very good visibility. Mean
score-points (95% CI).
Anatomic area Inv 1 Inv 2 Difference between means p-value difference
Renal artery on the right side:
Separation of orifice and the
proximal segment from the
aorta and surrounding tissue.
3.7 (3.6, 3.9)
n Z 38
3.4 (3.3, 3.6)
n Z 38
0.3 (0.1, 0.5) 0.005
B. Renal artery on the left side:
Separation of orifice and the
proximal segment from the
aorta and surrounding tissue.
3.8 (3.7, 3.9)
n Z 37a
3.4 (3.3, 3.5)
n Z 37a
0.4 (0.3, 0.6) <0.001
C. The renal outline can be
separated from surrounding
tissue.
4.0 (3.9, 4.1)
n Z 40
3.5 (3.4, 3.6)
n Z 40
0.5 (0.3, 0.7) <0.001
D. Lumen of the abdominal
aorta just below renal artery
can be separated from
surrounding tissue.
3.9 (3.8, 4.0)
n Z 38
3.6 (3.5, 3.7)
n Z 38
0.3 (0.2, 0.5) <0.001
E. The common iliac arteries on
both sides can be separated
from surrounding tissue.
4.0 (3.8, 4.1)
n Z 40
3.5 (3.4, 3.6)
n Z 40
0.5 (0.3, 0.6) <0.001
F. The right internal iliac orifice
can be separated from the
common iliac and
surrounding tissue.
3.7 (3.5, 3.9)
n Z 34
3.3 (3.0, 3.5)
n Z 34
0.4 (0.1, 0.7) 0.009
G. The left internal iliac orifice
can be separated from the
common iliac and
surrounding tissue.
3.6 (3.3, 3.9)
n Z 27
3.2 (2.9, 3.5)
n Z 28
0.4 (0.0, 0.8) 0.051
H. Vena cava inferior below the
renal veins: Separation from
surrounding tissue and aorta.
3.5 (3.3, 3.7)
n Z 40
3.0 (2.9, 3.2)
n Z 40
0.5 (0.2, 0.7) 0.001
I. Differentiation of the psoas
muscle from the
neighbouring structures.
4.0 (3.9, 4.0)
n Z 40
3.6 (3.5, 3.7)
n Z 40
0.4 (0.2, 0.5) <0.001
n Z the total number of observations for each investigator, n Z 40 means 20 observations for DynaCT and 20 observations for MDCT,
n < 40 means some areas could not be evaluated by the reader due to limited volume size.
a Area B: “missing data” for 2 readings due to only one kidney, maximum n Z 38 for this area.
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338 K.R. Eide et al.between DynaCT and MDCT. The aneurysmal diameter
measured in the DynaCT images were slightly over-
estimated with 1.3 mm, compared with MDCT (pZ 0.043).
This might partly be explained by the time interval
between the pretherapeutic MDCT and EVAR (maximum 3
months); in our opinion, the small deviation would not have
any practical consequence regarding the planning of
treatment. For other measured diameters and lengths, the
differences were between 0.4 and 1.5 mm and statistically
insignificant.
Statistical significant variations between readers were
found for three distances. For the length of the aneurysmal
neck, it was 2.7 mm (8%) and, from the distal renal artery
to the internal iliac arteries, it was 5.7 mm (3%) on the right
side and 7.8 mm (4%) on the left side.
Hoornweg et al.13 showed larger inter-reader variation
and only fair to moderate interclass correlation coefficient
(ICC 0.40e0.47) for the same distances. Rodel et al.20 also
demonstrated substantial individual variations between five
readers in the evaluation of suitability for EVAR. In emer-
gency situations with ruptured aneurysms, one can expect
that the aneurysm neck is shorter than in elective EVAR
patients,21 and a possible underestimation of the length of
the aneurysm neck may play a more significant role.
According to Kilian et al. the diameter of the aneurysmal
neck is 4e5 mm wider in emergency cases with ruptured
aneurysms than in elective cases.21 Thus, one might expect
that the impact of variations of this size would be small also
in cases of ruptured aneurysms. In Table 2, it is shown that
the significant deviations (measurement #5 and #6) are not
caused by a systematic difference between the two
modalities.
We did use the central lumen line for measurement of
lengths, except for the length of the upper neck where
double oblique MPR was used. In the 3D software, this
central line has to be defined manually, and this might
explain the inter-reader difference for the longer lengths.
In our view, <10 mm deviance between readers for this
measurement is clinically insignificant for the evaluation of
the distance to the iliac bifurcation. For measurement #6
(length from distal renal artery to the left internal iliac
orifice), fewer measurements could be performed (see
Tables 2 and 3). For unknown reasons, the origin of the left
internal iliac artery was outside of the imaged volume more
often than the right internal iliac artery. Either it might be
caused by random variation in our small sample or that the
actual distance in the population might be a little longer on
the left side.
The visibility of the predefined anatomical areas was
found to be inferior with DynaCT compared with MDCT.
However, for all the nine areas the average visibility score
for DynaCT was 2 “relevant assessment is possible” or
higher. For seven of the areas, the average score was
between 3 “clear visibility without restrictions” and 4 “very
good visibility”. The evaluated areas in the direct vicinity of
the aneurysm (C, D, E, H and I) were all acceptably
visualised regarding soft-tissue contrast. Only for the areas
G (left internal iliac orifice) and H (vena cava inferior), the
visibility was below 3 (clear). In accordance with Nordon
et al.22 visualisation of the iliac arteries was incomplete in
a large proportion of the readings. In our series, 53% (both
radiologists) of the iliac bifurcations (anatomic area G)could not be evaluated due to limited imaging volume. Even
though unfavourable distal iliac anatomy is rarely an
impediment to EVAR, this problem still represents the
greatest limitation of DynaCT in an EVAR setting. The
DynaCT system has a maximum height of 20 cm. A newer
and improved version of the imaging modality, Artis Zeego
(Siemens, Medical Solutions Erlangen, Germany), allows
a larger view either by performing two rotations in rapid
successions or by turning the long axis of the image
detector. The maximum length is 25 cm and width 47 cm.
We expect that this larger imaging volume may allow
sufficient visualisation of this area, although it will increase
the radiation to the patient. An alternative would be to use
traditional angiography for the detection of stenoses in the
external iliac arteries.
Systematic data regarding user friendliness have not
been collected. However, the enthusiasm for using DynaCT
seemed to be limited for some of the personnel because of
the many manual steps which are necessary to adjust and
prepare the C-arm before exposure. We had to exclude four
patients due to technical problems caused by conflicts
between equipment and the C-arm due to malpositioning of
the patient on the table. However, we believe this problem
can be solved if the use of DynaCT becomes routine and not
simply a research tool, as it has been so far. There is also
room for improvements in the user interface. The technical
problems had no physical impact on the patient safety.
When analysing the combined data, we found that the
deviations between two senior radiologists often were
larger than the deviations between the two imaging
modalities. This indicates that inter-reader variations might
have a greater impact on the result than the choice of
image modality. Considerable variations in interpretation
of vascular anatomy have also been shown by several others
authors.23e25
Compared with previous analysis of post-treatment
imaging with DynaCT,16 the quality of visualisation has
improved considerably for all anatomical areas. Since the
first study, the software has been updated and the radia-
tion dose has also increased. This raises the signal to noise
ratio, which in turn makes the low-contrast visibility better.
However, it also represents a significant increase of the
effective radiation dose to the patient from an estimated
8 mSv to estimated 21 mSv. This dose is 2e3 times as high as
an optimal MDCT examination of the abdominal aorta and
iliac arteries and should be taken into consideration,
especially in relatively young patients.
The smallest improvement in visibility was for the iliac
bifurcation. A possible explanation is that, in the previous
study, the imaging was done after insertion of the stent
graft, and it was easier to optimise the position of the
imaging volume with the stent graft already in place.
A limiting factor for eEVAR in cases of ruptured aneu-
rysms in many centres is the lack of dedicated operation
rooms with available trained personnel at all times. EVAR
demands both very hygienic standard facilities, such as
regular operating rooms, as well as access to high-quality
radiological imaging facilities.26,27 Our ‘Operation Room of
the Future’ is well suited for this activity, as it is equipped
for both open surgery and EVAR.
In conclusion, the result indicates that DynaCT in the
operation room gives sufficient image-based information
DynaCT in Pre-treatment Evaluation of Aortic Aneurysm before EVAR 339for diagnosis, to determine the correct treatment and to
select the proper stent graft in patients with AAA. The most
important remaining problems are the limited size of the
imaging volume and some technical difficulties in obtaining
the DynaCT image volume.
Funding
Sor-Trondelag University College.
Conflict of Interest
None.
References
1 Goodney PP, Tavris D, Lucas FL, Gross T, Fisher ES, Finlayson SR.
Causes of late mortality after endovascular and open surgical
repair of infrarenal abdominal aortic aneurysms. J Vasc Surg
2010;51:1340e7. e1.
2 Albuquerque Jr FC, Tonnessen BH, Noll Jr RE, Cires G, Kim JK,
Sternbergh 3rd WC. Paradigm shifts in the treatment of
abdominal aortic aneurysm: trends in 721 patients between
1996 and 2008. J Vasc Surg 2010;51:1348e52. discussion 52e3.
3 Teufelsbauer H, Polterauer P, Lammer J, Huk I, Kretschmer G.
Endovascular versus open surgical AAA exclusion techniques the
importance of individual patient selection criteria. Acta Chir
Belg 2007;107:103e8.
4 Brandt M, Walluscheck KP, Jahnke T, Graw K, Cremer J, Muller-
Hulsbeck S. Endovascular repair of ruptured abdominal aortic
aneurysm: feasibility and impact on early outcome. J Vasc
Interv Radiol 2005;16:1309e12.
5 Prinssen M, Wever JJ, Mali WP, Eikelboom BC, Blankensteijn JD.
Concerns for the durability of the proximal abdominal aortic
aneurysm endograft fixation from a 2-year and 3-year longitu-
dinal computed tomography angiography study. J Vasc Surg
2001;33:S64e9.
6 Jetty P, Hebert P, van Walraven C. Long-term outcomes and
resource utilization of endovascular versus open repair of
abdominal aortic aneurysms in Ontario. J Vasc Surg 2010;
51(577e83). e1e3.
7 Dillon M, Cardwell C, Blair PH, Ellis P, Kee F, Harkin DW.
Endovascular treatment for ruptured abdominal aortic aneu-
rysm. Cochrane Database Syst Rev; 2007:CD005261.
8 Ten Bosch JA, Teijink JA, Willigendael EM, Prins MH. Endovas-
cular aneurysm repair is superior to open surgery for ruptured
abdominal aortic aneurysms in EVAR-suitable patients. J Vasc
Surg 2010;52:13e8.
9 Rutherford RB. Management of abdominal aortic aneurysms:
which risk factors play a role in decision-making? Seminars in
Vascular Surgery 2008;21:124e31.
10 Hinchliffe RJ, Braithwaite BD, Hopkinson BR. The endovascular
management of ruptured abdominal aortic aneurysms. Eur J
Vasc Endovasc Surg 2003;25:191e201.
11 Reid AW, Reid DB, Roditi GH. Imaging in endovascular therapy:
our future. J Endovasc Ther 2009;16(Suppl. 1):I22e41.
12 LloydGM,BownMJ, NorwoodMG,DebR, FishwickG, Bell PR, et al.
Feasibility of preoperative computer tomography in patients withruptured abdominal aortic aneurysm: a time-to-death study in
patients without operation. J Vasc Surg 2004;39:788e91.
13 Hoornweg LL, Wisselink W, Vahl AC, Reekers JA, van Delden OM,
Legemate DA, et al. Interobserver and intraobserver variability
of interpretation of CT-angiography in patients with a suspected
abdominal aortic aneurysm rupture. Eur J Vasc Endovasc Surg
2008;35:295e300.
14 Hinchliffe RJ, Bruijstens L, MacSweeney ST, Braithwaite BD. A
randomised trial of endovascular and open surgery for ruptured
abdominal aortic aneurysm e results of a pilot study and lessons
learned for future studies. Eur J Vasc Endovasc Surg 2006;32:
506e13. discussion 14e5.
15 Feldkamp LADL, Kress JW. Practical cone-beam algorithm. J
Opt Soc 1984;1:8.
16 Eide KR, Odegard A, Myhre HO, Lydersen S, Hatlinghus S,
Haraldseth O. DynaCT during EVARea comparison with multi-
detector CT. Eur J Vasc Endovasc Surg 2009;37:23e30.
17 Biasi L, Ali T, Hinchliffe R, Morgan R, Loftus I, Thompson M.
Intraoperative DynaCT detection and immediate correction of
a type Ia endoleak following endovascular repair of abdom-
inal aortic aneurysm. Cardiovasc Intervent Radiol 2009;
32:535e8.
18 Bongartz G, Bongartz G, Geleijns J. European guidelines on
quality criteria for computed tomography. Luxembourg: Office
for Official Publications of the European Communities; 1999.
19 Widmark AFE. Guidance on local diagnostic reference levels in
medical X-ray examinations. Guidance to “Regulations for
radiation protection and use of radiation”. Guidance No 5b.
Østera˚s: Norwegian Radiation Protection Authority; 2007. p. 26.
20 Rodel SG, Geelkerken RH, van Herwaarden JA, Kunst EE, van
den Berg JC, van der Palen J, et al. Consistency in endovascular
aneurysm repair suitability assessment requires group decision
audit. J Vasc Surg 2006;43:671e6.
21 Kilian M, Dang W, Cina CS. Morphometric analysis of anatomic
variables affecting endovascular stent design in patients
undergoing elective and emergency repair of endovascular
abdominal aortic aneurysm. Can J Surg 2010;53:25e31.
22 Nordon IM, Hinchliffe RJ, Malkawi AH, Taylor J, Holt PJ,
Morgan R, et al. Validation of DynaCT in the morphological
assessment of abdominal aortic aneurysm for endovascular
repair. J Endovasc Ther 2010;17:183e9.
23 Singh K, Jacobsen BK, Solberg S, Bonaa KH, Kumar S, Bajic R,
et al. Intra- and interobserver variability in the measurements
of abdominal aortic and common iliac artery diameter with
computed tomography. The Tromso study. Eur J Vasc Endovasc
Surg 2003;25:399e407.
24 Diehm N, Kickuth R, Gahl B, Do DD, Schmidli J, Rattunde H,
et al. Intraobserver and interobserver variability of 64-row
computed tomography abdominal aortic aneurysm neck
measurements. J Vasc Surg 2007;45:263e8.
25 Cayne NS, Veith FJ, Lipsitz EC, Ohki T, Mehta M, Gargiulo N,
et al. Variability of maximal aortic aneurysm diameter
measurements on CT scan: significance and methods to mini-
mize. J Vasc Surg 2004;39:811e5.
26 Mehta M, Taggert J, Darling RC 3rd, Chang BB, Kreienberg PB,
Paty PS, et al. Establishing a protocol for endovascular treat-
ment of ruptured abdominal aortic aneurysms: outcomes of
a prospective analysis. J Vasc Surg 2006;44:1e8.
27 Rakita D, Newatia A, Hines JJ, Siegel DN, Friedman B. Spectrum
of CT findings in rupture and impending rupture of abdominal
aortic aneurysms. Radiographics 2007;27:497e507.
